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bstract

Fourteen Boer (75%) × Spanish wether goats (51 ± 1.8 kg BW and 23 months of age) were used to determine effects of a moderate
egree of nutrient restriction on heat production or energy expenditure (EE). The experiment consisted of a 26-day period (P1) fol-
owed by one of 50 days (P2). Wethers were fasted on the final 4 days of each period, with gas exchange measured on the last 2 days.
asting was preceded by collection of feces and urine for 7 days, with the final 2 days for gas exchange. All wethers were fed a 65%
oncentrate diet at a level of intake near maintenance in P1 (P1-100 and P1-80 treatments). In P2, six wethers continued on this level of
ntake (P2-100 treatment); eight wethers also were fed at this level for 15 days but then had ME intake sequentially reduced by approx-
mately 10 and 20% for 10 and 21 days, respectively (P2-80 treatment). This schedule was chosen because of a similar one used in a
eparate experiment to compare different goat genotypes and diet nutritive values. Intake of ME was lowest (P < 0.05) for P2-80 (529,
35, 552, and 474 kJ/kg BW0.75 (fasted) for P1-100, P1-80, P2-100, and P2-80, respectively). Fed EE was lowest (P < 0.05) for P2-80
495, 505, 467, and 406 kJ/kg BW0.75), whereas EE while fasting was similar among treatments (287, 279, 273, and 253 kJ/kg BW0.75

or P1-100, P1-80, P2-100, and P2-80, respectively). The ME requirement for maintenance (MEm) was greater (P < 0.05) in P1 than
0.75
2 (477, 487, 421, and 376 kJ/kg BW for P1-100, P1-80, P2-100, and P2-80, respectively), and when P2 data were analyzed sepa-

ately MEm was lower (P < 0.10; 374 kJ/kg BW0.75 versus 425 kJ/kg BW0.75) and the efficiency of ME use for maintenance was greater
P < 0.08) for P2-80 than for P2-100 (0.689 versus 0.625). In conclusion, moderate feed intake restriction impacted EE and MEm by
ature meat goats largely via decreasing EE that is responsive to nutrient intake rather than EE of basal metabolism when fasting.
2006 Elsevier B.V. All rights reserved.
eywords: Goats; Energy; Feed intake
. Introduction

Goats are able to thrive in a variety of environments,
any of which entail periods of low nutrient intake.
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Low nutritional planes reduce heat production or energy
expenditure (EE) by cattle and sheep (Freetly et al.,
2002, 2003). Reduced EE has also been observed in
desert goats with severe feed restriction (Silanikove,

1986, 1987; Choshniak et al., 1995). However, effects
of moderate feed intake restrictions on energy utiliza-
tion by goats typical of many other production systems
have not been extensively investigated.
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Table 1
Composition of the diet fed to Boer × Spanish wethers

Item DM (%)

Ingredient
Ground alfalfa hay 35.00
Ground corn 55.50
Soybean meal 3.50
Molasses 3.00
Dicalcium phosphate 0.72
Limestone 0.28
Vitamin premixa 0.50
Trace mineralized saltb 0.50
Ammonium chloride 0.50
Sodium sulfate 0.50

Chemical composition
Ash 6.1
CP 13.5
NDF 24.0
ADF 18.7
Acid detergent lignin 4.6

a Contained 2200 IU/g Vitamin A, 1200 IU/g Vitamin D3, and
2.2 IU/g Vitamin E.
26 I. Tovar-Luna et al. / Small R

Boer and Boer crossbred goats have become quite
popular for meat goat production in the U.S. The rel-
atively high growth rate of Boer crossbreds compared
with other meat goats with moderate to high nutritional
planes has been well established (Huston and Waldron,
1996; Roeder et al., 1997; Prieto et al., 2000; Negesse et
al., 2001; Urge et al., 2004). With a compiled database
of treatment mean observations from the literature, Luo
et al. (2004b) determined that the maintenance energy
requirement of goats with 50% or more Boer breeding is
similar to that of indigenous or local goats, such as the
Spanish of the U.S. However, most observations were
with BW change near or above zero and, thus, how main-
tenance energy requirements might change after BW loss
is unknown. Joemat et al. (2004) suggested that a con-
stant and moderate plane of nutrition compared with a
fluctuating level is more important for continual growth
and development of yearling crossbred Boer doelings
compared with Spanish, implying limited change in EE
of Boer crossbreds with varying nutritional plane. But,
in Joemat et al.’s (2004) study a low quality forage was
consumed ad libitum and periods of nutrient restriction
appeared to entail limited absorption of both energy and
nitrogen rather than of energy alone.

Objectives of this experiment were to determine
effects on energy utilization by 2-year-old crossbred
Boer goats of a moderate restriction of feed intake, as
well as to assess the relative importance of different con-
tributing physiological processes.

2. Materials and methods

2.1. Animals, diet, and treatments

Fourteen 3/4 Boer × Spanish wether goats, 23 ± 0.5 months
of age and 51 ± 1.8 kg BW, were used. Wethers were treated
for internal parasites (Valbazen, SmithKline Beecham Animal
Health, West Chester, PA) at the beginning of the experiment
and were housed in a facility with temperature controlled at
20–23 ◦C. A concentrate-based diet (Table 1) was fed based
on an assumed ME requirement for maintenance (MEm) of
438 kJ/kg BW0.75 (AFRC, 1998), initial BW, and a dietary
concentration of 11.3 MJ/kg DM as determined from ingre-
dient proportions and ME concentrations of NRC (1981). The
experiment was divided into two periods, the first 26 days in
length and the second 50 days. Periods consisted of three seg-
ments: adaptation (15 days for period 1 and total of 39 days
for period 2), nutrient balance determination (7 days), and fast-
ing (4 days). During nutrient balance segments and the last 2

days of fasting, wethers resided in metabolism crates. Hous-
ing at other times was in 1.05 m × 0.55 m elevated pens with
plastic-coated expanded metal floors.

In the first period, all goats were fed the diet to supply 100%
of maintenance for 22 days. In the second period, six goats
b Contained 95–98% NaCl and at least 0.24% Mn, 0.24% Fe, 0.05%
Mg, 0.032% Cu, 0.011% Co, 0.007% I, and 0.005% Zn.

remained at this level of feeding. The other eight wethers also
continued at this level for 15 days but then were sequentially
changed to ME intake levels of approximately 90 and 80%
of maintenance for 10 and 21 days, respectively. This regime
was similar to that used in a separate, independent study at the
Institute to compare different goat genotypes and diet nutritive
values (Tovar-Luna et al., in press). Feed was offered in equal
amounts twice daily at 08:00 and 15:00 h. Water was offered
in buckets twice daily at 10:00 and 16:30 h for 3 min periods.
Wethers were weighed at the beginning of the experiment, at
changes in level of feed intake, and at the beginning and end
of nutrient balance and gas exchange measurement times.

2.2. Nutrient balance

During nutrient balance segments, feed offered, feed
refusals or orts, feces, and urine were recorded with an accu-
racy of 1 g (Cochran and Galyean, 1994). As noted later, there
were some instances in which feed refusals were relatively
large, resulting in data omission from analyses. Also, in period
1 there were some small feed refusals for other animals. Feces
were collected in wire-screen baskets placed under the floor of
the crates, and urine was collected through a funnel into plas-
tic buckets containing 10 ml of a 10% (v/v) solution of sulfuric
acid. 15% aliquots of daily excretion of urine and feces were

◦
collected and stored at −20 C until later analyses.
Feed, orts, and feces were first dried in a forced air oven at

55 ◦C for 48 h then ground to pass a 1 mm screen. Thereafter,
composite samples were formed for each animal and period.
Feed samples were analyzed for DM, ash, N, gross energy
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GE; AOAC, 1990), NDF, ADF, and ADL (filter bag tech-
ique; ANKOM Technology Corp., Fairport, NY), and fecal
amples were analyzed for DM, ash, GE, N, and NDF. Urine
amples were assayed for DM (lyophilization), and N and GE
oncentrations were determined with lyophilized samples.

.3. Gas exchange

For gas exchange measures, wethers were assigned to dif-
erent sets consisting of four animals, with the start of measures
or the sets staggered by 2 days. Prior to measures, wethers
ad been placed in metabolism crates fitted with training head
oxes for adaptation. Air exchange in the calorimetry room
6 m width, 7 m length, 2.8 m height) was controlled by an
xhaust fan (1300 l/m; Broan, Hartford, CT), mounted on a
all in juxtaposition to the ceiling, with an air inlet port located

n the ceiling of the opposite corner of the room. The calorime-
ry room was well sealed from adjacent equipment and animal
ooms. To achieve uniform gas concentrations throughout the
alorimetry room, a rotating ceiling fan (2.5 m height) was sit-
ated in the middle of the room. Temperature (20–23 ◦C) in
he calorimetry room was maintained with a window air con-
itioning/heating unit (Carrier; Farmington, CT), and humidity
as 50–55% through use of a dehumidifier (Whirlpool; Ben-

on Harbor, MI). Natural photoperiod was mimicked by use of
uorescent lights.

Oxygen consumption and production of carbon dioxide
nd methane were measured with an open circuit respiration
alorimetry system (Sable Systems, Las Vegas, NV) with four
exan® (General Electric, New York, NY) head boxes (41 cm
idth, 27 cm depth, 92 cm height) fitted in four metabolism

rates (46 cm width, 46 cm depth, 158 cm height) placed in a
alorimetry room the last 2 days of nutrient balance and fasting
egments. Head boxes included a removable drawer for feed-
ng and watering (23 cm height in the front, 15 cm height in
he back (closest to animal), 40 cm wide, 28 cm depth). The
ead opening was 30.5 cm wide and 55 cm high beginning at
he top of the drawer. A ‘sock’ of Cordura® nylon (DuPont,

ilimington, DE) attached to the opening of the head box fit-
ed with a 25 cm long zipper was held snug to the neck of the
ether with Velcro® (Velcro USA Inc., Manchester, NH) and
lastikonTM (Johnson & Johnson, New Brunswick, NJ) ties. In
ddition, ElastikonTM ties were used to prevent looseness in the
ock to avoid chewing of the material. There was a small fan
ituated at the top of the head box used to mix air and a 7 cm i.d.
ose to transport air from the head box to the mass controller
nd pump (50–150 l/min; Flowkit500, Sable Systems). Flow
ate (50–150 l/min) for each station was set to achieve mini-
um differences between air inflow to and outflow from the

ead box of 0.2% O2 and CO2. A smaller pump (0.5 ml/min;
homas 8003, Puchheim, Germany) was used to sub-sample air

rom the main pump. Air from head boxes and the room was

elivered sequentially to a dew point analyzer, drying filter,
ultiplexer, and gas analyzers. A 0.5 cm i.d. tube was placed

n the center of the room for sampling of reference air.
Oxygen concentration was analyzed using a fuel cell FC-1B

xygen analyzer (Sable Systems). Carbon dioxide and methane
t Research 72 (2007) 25–32 27

concentrations were measured using infrared analyzers (FC-
1B for CO2 and MA-1 for CH4; Sable Systems). Air was first
analyzed for CH4 then for CO2 and O2. With four stations
employed, concentrations of gases in air from each station
were analyzed six times per hour (14 min interval when ref-
erence air was sampled and 8 min interval when only the four
stations were sampled). Dwell time for reference air was set
at 3 min, recalibration to head box air was for 3 min, and time
for sampling of station air was 2 min. Reference air was sam-
pled twice per hour. Collected data consisted of the average of
the last five measurements in each cycle of the three gas ana-
lyzers, temperature, and humidity, along with dewpoint and
air flow rate through head boxes, all recorded on a PC using
software of Sable Systems. Prior to gas exchange measure-
ments and approximately every 6 weeks thereafter, validity and
accuracy of expired CO2 and inspired O2 flows were checked
by reference to alcohol combustion (average 101.3 ± 1.1 and
100.3 ± 1.6% of expected CO2 production and O2 consump-
tion, respectively). Before each test analyzers were calibrated
with reference gas mixtures (19.5 and 20.5% O2, 0.0 and 1.5%
CO2, and 0.0 and 0.3% CH4).

2.4. Calculations

ME intake was calculated from GE intake and feces, urine,
and methane losses. EE was estimated based on Brouwer
(1965) equation. In addition to use of oxygen consumption
and carbon dioxide and methane production, urinary N excre-
tion determined during both the nutrient balance and fasting
segments was employed. EE and ME intake were expressed
relative to average BW within the 2-day period of determining
fasting EE. Efficiency of utilization of ME for maintenance
(km) was estimated by regressing the difference between ME
intake and EE against ME intake, with MEm determined by
dividing fasting EE by km.

2.5. Statistical analyses

Data were first analyzed by mixed model analysis (Littell et
al., 1996), with a repeated measure of period and random effect
of animal. In addition, dietary treatments in period 2 were com-
pared via general linear models procedures of SAS (1998), as a
completely randomized design using period 1 data as covariates
(Steel and Torrie, 1980). In order to avoid tabular redundancy,
the separate analysis of period 2 data was addressed by inclu-
sion in Table 2 of the P-value for the difference between dietary
treatments. However, because of covariate usage, there were
differences in means and SE between methods, albeit small,
which are addressed in the text.

3. Results
Four observations from three wethers were omitted
because of low feed intake (64 ± 12% of that offered)
on days when gas exchange was measured. Therefore,
all data for the one animal with poor consumption in
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Table 2
Effects of feed intake restriction on energy utilization by 2-year-old Boer × Spanish wethers

Item Period 1a Period 2a Effectb (P<)

100 S.E. 80 S.E. 100 S.E. 80 S.E. T P T × P LIP2

n 6 7 4 7
BW (kg)

Initial 51.3 2.79 51.9 2.58
Fedc 45.2 2.21 46.2 2.04 46.9 2.70 43.6 2.04 0.60 0.83 0.34 0.01
Fastedd 42.8 2.21 43.2 2.05 45.2 2.71 41.1 2.05 0.42 0.94 0.34 0.03

Digestion (%)
DM 74.5 1.37 75.8 1.27 76.6 1.67 79.8 1.27 0.13 0.04 0.51 0.04
OM 76.4 1.29 77.5 1.19 78.7 1.57 82.3 1.19 0.09 0.01 0.35 0.03
CP 72.3 1.83 74.7 1.69 73.4 2.24 78.4 1.69 0.06 0.21 0.48 0.03
NDF 74.0 a 0.89 74.3 a 0.83 75.2 a 1.09 81.7 b 0.83 0.01 0.01 0.01 0.01
Energy 77.4 ab 0.94 76.6 a 0.87 75.8 a 1.09 79.8 b 0.87 0.11 0.42 0.02 0.04

Intake
DM (g/day) 702 b 26.2 716 b 24.3 773 b 32.1 582 a 24.3 0.01 0.26 0.01 0.01
N (g/day) 14.90 b 0.557 15.39 bc 0.516 16.70 c 0.682 12.55 a 0.516 0.01 0.38 0.01 0.01
GE (MJ/day) 12.98 b 0.484 13.22 b 0.448 14.25 b 0.593 10.72 a 0.448 0.01 0.23 0.01 0.01
DE (MJ/day) 10.04 b 0.337 10.11 b 0.312 10.78 b 0.413 8.57 a 0.312 0.01 0.26 0.01 0.01
ME (MJ/day) 8.83 b 0.336 8.98 b 0.311 9.60 b 0.412 7.68 a 0.311 0.01 0.46 0.01 0.01
ME (kJ/kg BW0.75) 529 b 13.7 535 b 12.7 552 b 16.7 474 a 12.7 0.01 0.18 0.01 0.01

Energy (MJ/day)
Feces 2.94 b 0.199 3.11 b 0.185 3.47 b 0.244 2.16 a 0.185 0.01 0.31 0.01 0.01
Urine 0.53 0.034 0.40 0.031 0.44 0.042 0.40 0.031 0.02 0.26 0.22 0.89
Methane 0.68 b 0.056 0.73 b 0.052 0.74 b 0.069 0.48 a 0.052 0.09 0.11 0.01 0.05

N (g/day)
Feces 3.43 b 0.294 3.58 bc 0.273 4.46 c 0.361 2.65 a 0.273 0.01 0.88 0.01 0.01
Urine 4.65 0.762 3.85 0.706 3.80 0.933 5.12 0.706 0.74 0.79 0.19 0.42

Energy expenditure (kJ/kg BW0.75)
Fed 495 b 14.3 505 b 13.3 467 b 17.6 406 a 13.3 0.09 0.01 0.03 0.01
Fasted 287 11.4 279 10.5 273 13.9 253 10.5 0.23 0.09 0.63 0.57

MEm
e (kJ/kg BW0.75) 477 21.7 487 20.1 421 26.6 376 20.1 0.44 0.01 0.23 0.10

km
f 0.606 0.0215 0.577 0.0199 0.648 0.0263 0.676 0.0199 0.97 0.01 0.21 0.08

Interaction means in a row without common letters (a–c) differ (P < 0.05).
a Periods 1 and 2 were 26 and 50 days, respectively. All wethers (80 and 100 levels of intake) in period 1 were fed at a level of intake near maintenance. In period 2, 100 wethers were fed at

a level of intake near maintenance, whereas 80 wethers were fed at this level for 15 days and then sequentially received feed to supply approximately 90 and 80% of previous ME intake in the
subsequent 10 and 21 days, respectively.

b T = dietary treatment, P = period, T × P = dietary treatment × period interaction, and LIP2 = comparison of 100 and 80 levels of intake in period 2.
c Average during the 2-day gas exchange measurement period in the fed state, which occurred near the end of the periods.
d Average during the 2-day gas exchange measurement period in the fasted state, which occurred on the last 2 days of the periods.
e ME requirement for maintenance.
f Efficiency of ME utilization for maintenance.
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ach period (80% of maintenance treatment) were omit-
ed. Factors responsible for low intake by the other two
ethers in period 2 (100% of maintenance treatment)

re unclear. However, the longer period of confinement
or period 2 versus period 1 measures may have been
nvolved. Also, typically feed intake when animals are
laced in metabolism crates is lower than when in small
ens that allow greater movement.

Wethers on the 100 and 80% of maintenance treat-
ents exhibited similar BW loss in period 1 from its

eginning to nutrient balance and fasting segments and
rom the beginning to end of fasting (Table 2). However,
s expected, BW loss from period 1 to 2 was greater for
ethers on the 80 than 100% of maintenance treatment.
Lowest intakes among treatments (i.e., feed intake

evel and period combinations) for 80% of maintenance
n period 2 corresponded to greatest (P < 0.05) digestibil-
ties of NDF and energy (Table 2). Based on separate
nalyses of period 2 data, digestibilities of other dietary
ractions were greater (P < 0.05) for 80% versus 100%
f maintenance as well. Urinary energy excretion was
reater (P < 0.05) for 100% versus 80% of maintenance
ethers. Methane emission was lowest among treat-
ents (P < 0.05) for 80% of maintenance in period 2.
Estimates of fasting EE and MEm (Table 2) were in the

ange of values for goats summarized by AFRC (1998,
asting: 212–403 kJ/kg BW0.75; MEm: 365–530 kJ/kg
W0.75), and fasting EE was not greatly different from

hat found by Luo et al. (2004a, 298 kJ/kg BW0.75) by
egressing retained energy against ME intake with a com-
iled database of treatment mean observations. EE when
ed was lowest among treatments (P < 0.05) for 80% of
aintenance in period 2, although fasting EE was not

nfluenced by a dietary treatment × period interaction
P > 0.10). MEm tended (P < 0.10) to be lower in period
for 80% versus 100% of maintenance when period 2

ata were analyzed separately (374 kJ/kg BW0.75 versus
25 kJ/kg BW0.75). In accordance, separate period 2 data
nalysis resulted in greater km for 80% versus 100% of
aintenance (P < 0.08; 0.689 versus 0.625).

. Discussion

.1. Feed intake and digestion

As noted in the present experiment, feed intake level
an affect nutrient digestibility (Tyrrell and Moe, 1975;
taples et al., 1984; Silanikove, 1992; Merchen and

ourquin, 1994), which appears associated with factors

uch as slower passage of digesta through the gastroin-
estinal tract (Van Soest, 1994) and(or) increased ratios of
igestive/absoptive enzymes to substrates (McAllister et
t Research 72 (2007) 25–32 29

al., 2001). Digestion of structural carbohydrates is most
affected by level of intake compared with other dietary
fractions (Tyrrell and Moe, 1975; Reid et al., 1980).

4.2. BW change

Decreased BW in period 1 may be partially
attributable to decreased gastrointestinal tract digesta fill,
which is supported by an average of 68% of the loss
occurring in the first 11 days. Previously, wethers had
grazed a grass based pasture with moderate-high for-
age mass. Furthermore, because of an underestimation
of the dietary ME concentration, perhaps relating to the
assumed level in corn, ME intake was slightly above that
intended. This contributed to tissue energy accretion on
the two gas exchange measurement days near the end
of the period. As expected, BW of wethers on the 80%
of maintenance treatment decreased from the balance
segment of period 1 to that of period 2. However, in
period 2, BW was similar before and after the nutrient
balance period (43.7 kg versus 43.4 kg; S.E. = 1.75) and,
again, ME intake was slightly greater than EE regard-
less of level of intake. In this regard, animals fed below
assumed MEm for extended periods of time eventually
achieve BW equilibrium with reduced MEm (Taylor and
Young, 1968, Williams and Jenkins, 2003).

4.3. 100% of maintenance treatment

Actual MEm may be slightly less and km greater than
estimates of this study because of EE attributable to
energy accretion and a lower efficiency of energy use
for gain than for maintenance alone. However, change
in heat increment relative to ME intake is gradual rather
than abrupt (at the point at which EE equals ME intake) as
intake increases. MEm corrected for retained energy was
not presented because efficiency of energy metabolism
varies among individuals and the need to make assump-
tions of the efficiency of ME use for gain and energy
concentration in accreted tissue. Also, energy retention
did not differ among treatments. Nonetheless, because of
energy retention, these MEm and km estimates may have
greatest value for within experiment treatment compar-
isons and should not be directly contrasted to findings
of other studies without consideration of differences in
experimental conditions.

Similar to MEm in period 1, Luo et al. (2004b)
determined a ME of growing meat goats of 489 kJ/kg
m
BW0.75, although Sahlu et al. (2004) proposed a 7.5%
lower value for wethers and doelings. Insufficient data
were available for Luo et al. (2004b) to directly deter-
mine a MEm for mature meat goats. However, because
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of a similar estimate for growing meat and indigenous
goats, Sahlu et al. (2004) and Nsahlai et al. (2004)
suggested that the MEm determined for mature indige-
nous and dairy goats could be adjusted for the dif-
ference between growing meat and indigenous versus
dairy goats to derive a MEm of 423.1 kJ/kg BW0.75 for
mature meat goats, which is not greatly different from
that initially assumed (438 kJ/kg BW0.75; AFRC, 1998).
However, wethers in this experiment were approximately
2 years of age, and Luo et al. (2004a) classed grow-
ing goats as being less than 1.5 years of age and those
older as mature. Decreases in MEm of other ruminant
species with increasing age are gradual rather than abrupt
(Freetly et al., 2002, 2003). Hence, a more appropriate
MEm on which to have based ME intake in the present
experiment could have been greater than that used, such
as between 423 or 438 and 489 kJ/kg BW0.75.

4.4. 80% of maintenance treatment

EE by wethers subjected to the 20% feed restriction
was 17% lower in period 2 than in period 1 and 12% less
than for wethers fed at maintenance in period 2. Factors
responsible for numerically lower EE and MEm when
fed for 100% of maintenance wethers in period 1 ver-
sus period 2 are unknown, but could involve decreased
EE by peripheral skeletal muscle as time in confinement
increased. Nonetheless, fasting EE did not significantly
differ with period or level of intake, but numerically was
4% or 10 kJ/kg BW0.75 lower for 80% versus 100% of
maintenance when period 2 data were analyzed sepa-
rately. These results indicate that moderate degrees of
feed intake restriction can have considerable impact on
EE of crossbred Boer goats, imparted primarily through
km or EE above that while fasting, with change in
MEm being approximately 65% of the restriction in ME
intake. Therefore, the majority of change in EE seems
attributable to organs and tissues that are responsive to
nutrient intake, primarily splanchnic tissues (Johnson et
al., 1990), rather than only to ones responsible for heat
generation of basal metabolism while fasting. This sug-
gests that level of feed intake before the restriction period
and perhaps the physical nature of the diet (Goetsch,
1998), in addition to severity of the restriction, may
impact the magnitude of change in EE in periods of
limited nutrient intake. However, other factors making
smaller adaptive contributions to restricted feed intake
were increased digestibility, decreased methane loss, and

numerically lower fasting EE.

Decreased mass of metabolically active visceral tis-
sues when feed intake is restricted has been observed
with other ruminant species and appears responsible
t Research 72 (2007) 25–32

for much of change in MEm (Drouillard et al., 1991;
Wester et al., 1995; Sainz and Bentley, 1997), as is
implied by findings of the present study. However, it
is likely that with very limited feed intake there is
involvement of other tissues (Silanikove, 1986, 1987,
2000a,b). In support, Choshniak et al. (1995) suggested
that decreased oxygen consumption by desert goats in
metabolism crates with severely restricted feed intake
was not related to splanchnic tissue metabolism but
rather to decreased oxygen use by other tissues, par-
ticularly peripheral skeletal muscle. But, movement on
a treadmill increased oxygen consumption to the same
level as for goats fed free-choice, although speed was
rapid. Also, tissue distribution of blood flow, used to
determine contributions of organs and tissues to reduced
oxygen consumption by restricted goats, was performed
in the morning well before the one daily meal after which
whole body oxygen consumption increased to a rela-
tively greater extent for restricted than for free choice-fed
goats.

5. Summary and conclusions

Two-year-old crossbred wethers adapted to a 15–20%
reduction in ME intake from a level near that for main-
tenance primarily by decreasing heat production above
that while fasting. This suggests appreciable change
in metabolism by tissues highly influenced by nutrient
absorption, notably the gastrointestinal tract and liver.
However, other factors made small contributions that
facilitated a small degree of energy accretion not signifi-
cantly different from that with the higher level of intake,
which include a slight increase in digestion, decreased
methane emission, and numerically decreased fasting
heat production. Further research should consider other
limited nutrient intake scenarios such as ad libitum con-
sumption of low quality forage and different supplement
treatments that might influence change in metabolism by
the digestive tract and liver.
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